This paper argues that Go È del's proof does not provide the appropriate conceptual basis on which to counter the claims of evidence-based medicine. The nature of, and differences between, deductive, inductive and abductive inference are briefly surveyed. The work of the American logician C.S. Peirce is introduced as a possible framework for a theory of clinical reasoning which can ground the claims of both evidence-based medicine and its critics.
Introduction
In the controversy stimulated by advocates of evidence-based medicine (EBM), the work of the mathematician Kurt Go È del has been enlisted in support of those who argue against the claims of EBM. A letter to the editor of the Lancet by J.W. Sleigh (1995) and articles by Sleigh (1997) and Polychronis et al. (1996) in the Journal of Evaluation in Clinical Practice claim that Go È del's proof furnishes convincing evidence that the model of clinical reasoning supported by EBM is untenable. In this brief essay, the substance of Go È del's proof will be delineated, and its possible relationship to clinical reasoning explored. It will be argued that Go È del is not the logician of choice to turn to in seeking to understand clinical reasoning and citing of Go È del as support for such a thesis should cease. The QuineDuhem thesis will be introduced as a means of delimiting what statistical models can achieve. The pragmatism of C. S. Peirce will be introduced to find common ground between the advocates of EBM and clinical common sense.
On the use and abuse of Go È del I agree with Sleigh's evaluation of Go È del's proof. Go È del's paper On Formally Undecidable Propositions of Principia Mathematica and related systems I (Go È del 1970 ) is a landmark intellectual achievement of the 20th Century, and perhaps in history. If one takes the time to understand the problem he was Certainty, probability and abduction: why we should look to C.S. Peirce rather than Go È del for a theory of clinical reasoning addressing and works through the intricacies of the logic (or reads the lucid exposition by Nagel & Newman 1958 ) one comes to two inescapable conclusions: Kurt Go È del was a genius and Go È del's proof has nothing whatsoever to do with the practice of medicine.
Go È del's proof concerned issues related to mathematical logic, particularly problems related to the foundations of mathematics and axiomatic systems. To simplify greatly: in the early 20th Century, intense research was focused on the very logical bedrock of mathematical reasoning. Specifically, questions concerning the consistency of fundamental axioms and provability of theorems for all deductive reasoning were being investigated. Bertrand Russell and A. N. Whitehead had embarked on an ambitious project to demonstrate how all mathematics rest upon a finite number of axioms and the inference rules of deductive logic. They developed a useful symbolism for the codification of all mathematical expressions, refining and expanding the work of Frege, Peano and Cantor.
The motivation for this project lies partly in the theory of knowledge. Mathematics, though not concerned with demonstrating truths about the physical universe, is none the less considered by many to be the highest, most reliable form of human knowledge. This is because statements can be rigorously and explicitly demonstrated through proofs. Proof, in its technical sense, is a property of formal mathematical systems. In a proof, each step of inference can be checked for validity and the justification for each step assessed. In an axiomatic system like Euclidean geometry, all derived theorems, even of immense complexity, can be traced back to the axioms and inference rules. If the axioms and inference rules can be shown to be consistent, that is every expression rests upon a secure chain of reasoning, then one has a seamless system that guarantees the validity of all expressions. What Russell and Whitehead tried to show is that all mathematics can be derived by such an axiom system, and mathematical logic is the foundation of mathematics.
What Go È del showed was that this was not possible. To show that an axiom system is consistent is to show that all meaningful expressions are true and provable. In the Russell and Whitehead project, a finite number of axioms were required to demonstrate all mathematical propositions. What Go È del showed was that systems with a finite set of axioms will contain expressions in the system that are true but not derivable from the axiom set (i.e. true but not provable). The details of Go È del's proof I will leave for readers to discover. From the brief and simplified account so far, I think it is clear that the arguments of Go È del, Russell and Whitehead exist on a plane quite removed from meta-analysis and clinical practice guidelines.
What those citing Go È del say
Sleigh states that:
If the Go È del theorem is applicable, it would suggest that there are (numerous) clinical truths that are unprovable with the usual statistical system of reasoning . . . The present practice of statistical deduction is a direct application of mathematical logic involving the application of independent truths (the population) and a proposition (the null hypothesis) that is either proved or disproved. (Sleigh 1995, p . 1172) Sleigh then goes on to claim that truth will not be contained in a recipe book, and that clinicians would be well served by applying the art of medicine in the form of clinical common sense.
Polychronis and colleagues approvingly cite Sleigh and state:
. . . [I]n simplistic and dogmatic fashion, the advocates of`evidence-based medicine' reject medical determinism and personal clinical experience, but glorify probabilism based on mathematical logic, synthesizing a certainty based on what is statistically probable, which ± in the clinical setting ± does not represent certainty at all . . . The basic philosophy of the applied science model of medical practice is essentially disprovability and the Go È del theorem (which when applied to medicine suggests that there are many clinical truths unprovable through the usual system of reasoning based on mathematical logic) indicates that practitioners who limit themselves only to what is provable will preclude the use of many useful treatments. (Polychronis et al. 1996, p. 2) There are many misunderstandings expressed in the arguments of Sleigh and Polychronis. Mathema-tical logic and probability theory, though related, are quite different species and probabilism is not related to mathematical logic in a straightforward way. Mathematical logic is complete in its abstraction. The theorems derived are tautologies, that is, they are formal truths void of content. Statistics are used to estimate parameters when the true values are not known, to lessen the degree of uncertainty about measures and calculate that degree of uncertainty. Probability and certainty are contrasting terms.
For the true bite of Go È del's proof to pertain to clinical medicine, clinical reasoning would need to be regarded as a formal system with axioms and inference rules. This is clearly an impossible task. Any system of reasoning that relies on empirical inputs cannot be constructed as an axiomatic system and therefore cannot provide proofs. Thus clinicians rely on observation and more or less inductive or abductive methods of reasoning that are probabilistic in nature. One uses probabilistic reasoning in clinical practice daily because of the inherent uncertainties of information and variability of patients. The inferences made in clinical practice are not directly based upon mathematical logic in any meaningful sense, nor are they intended to be because the inputs are physical, psychological and social variables. They may or may not be amenable to being modelled by useful probabilities or mathematical models, but they are never in any straightforward sense based upon mathematical logic.
Induction, deduction and abduction
We may at once admit that any inference from the particular to the general must be attended with some degree of uncertainty, but this is not the same as to admit that such inference cannot be absolutely rigorous, for the nature and degree of the uncertainty may itself be capable of rigorous expression. (Fisher 1966, p.4 ) Much of the confusion articulated in the debate concerning EBM centres on the proper types of inference and reasoning used by clinicians and the role of proof. Sleigh and others conflate induction and deduction and claim that neither type of inference can provide certainty. It is here that Go È del is invoked as a means of showing the impossibility of deductive certainty. However, as noted above, Go È del's proof relates to axiomatic deductive systems of the highest abstraction. Go È del need not be invoked because proof is not and cannot be relevant to the practice of medicine. As argued above, medicine cannot be conceived as a closed formal system. Sleigh's assertion that the process of analysis of randomized controlled trials is derived from Whitehead and Russell reasoning is inaccurate and probably incorrect (Sleigh 1997) . The target of criticism, if any, should be Sir R. A. Fisher.
Induction and deduction are two types of inference that intend towards certainty. Since Hume, the problems of justifying inductive reasoning have been debated vigorously and form a central theme in the modern philosophy of science. Many of the philosophical difficulties relate to concepts of certainty and the nature of explanatory theories.
Models and explanations
Statistical models are a means of using mathematical techniques to derive order and information from observed data. How and why the data were collected are crucial in some theories of statistical inference to make sense of the data. The theoretical aspects of this have been worked out by Fisher, Pearson and Neyman. The null hypothesis and the error probabilities of the test of that hypothesis (Type 1 and Type 2 errors) are familiar to most, and to many are the sine qua non of statistical inference.
1
In statistical reasoning, it is hoped that randomization and proper experimental design will specify a model sufficiently to render an interpretation of the data as unambiguous as possible. A quotation from Fisher serves to illustrate this point:
It is possible and indeed it is all too frequent, for an experiment to be so conducted that no valid estimate of error is available. In such a case the experiment cannot be said, strictly, to be capable of proving anything. Perhaps it should not in this case be called an experiment at all, but added merely to the body of experience on which, for lack of anything better, we may have to base our opinions. . . . if an experiment does allow us to calculate a valid estimate of error, its structure must completely determine the statistical procedure by which this estimate is to be calculated. If this were not so, no interpretation of the data could ever be unambiguous; for we could not be sure that some other equally valid method of interpretation would not lead to a different result. (Fisher 1966, p. 35 ; italics added for emphasis) Abstractly this is probably the case. One can imagine situations where perfectly specified models exist and the data inputs are precisely measured without bias or error. In this case the results will admit to unambiguous interpretation, even if it is in the negative sense of partitioning off a likelihood (i.e. rendering alternate explanations extremely unlikely, but not impossible).
Models are only able to render accurate the processes modelled if they are data rich. In essence, all clinical models will founder to some extent because they will be underdetermined, that is, they will lack sufficient data to specify the model. Human biology is complex and emergent. The concept of complexity needs no further explication in this context. Emergence refers to the unfolding of human events through time in open dynamic systems. Each individual life occurs uniquely in the space-time continuum in a quasi-deterministic manner. The individuality cannot be captured in its fullness by models. However, it may be representative enough to be captured partially by models. This partiality is probably sufficient to support inference.
The Quine-Duhem thesis holds that models relating to the empirical world are underdetermined, that is, lack sufficient data for the unequivocal realization of an interpretation. In other words, the data may be amenable to a range of plausible interpretations. When this is the case, as Oreskes et al. (1994) point out, two or more theories or model realizations may be empirically adequate for the data at hand. Choosing between differing but empirically equivalent models relies on`extraevidential considerations like symmetry, simplicity and elegance or personal political or metaphysical preferences' (Oreskes et al. 1994, p. 642) . Empirically derived models, no matter how sophisticated or well specified, do not remove judgement from the process of reasoning and evaluating evidence.
It is important that theoretical concerns about deductive and inductive inference not cloud descriptions of what occurs in clinical reasoning. Decision analysis and all forms of complex probability models are ideal representations of the process of what goes on in clinical reasoning. They are attempts to depict the process of reasoning in a clear and concise matter and serve as fallible guides to decision making under conditions of uncertainty. They rest on assumptions about the nature of probability and the accuracy of the data. However, the limitations of such mathematical models must always be borne in mind when it comes to their interpretation and use. Any sign of dogmatic certainty is a warning sign indeed.
C.S. Peirce and abduction
Inferences in clinical medicine made on the basis of statistical models and clinical encounters are characteristically abductive. They should be regarded as tentative statements that the inference holds, is provisionally the case, or pragmatically justifies action. In other words, the model (or clinical data) warrant a belief that x is likely, or may be so. The likelihood admits to variability in terms of the probability of outcome (from impossible to certain). The outer categories of impossibility and certainty relate to violations of known physical laws, logical contradictions and logical truths. Very little in clinical medicine falls under these two categories except for the certainty that if someone is born they will inevitably die.
The dispute between the proponents of clinical common sense and evidence-based medicine can likely find common ground in the philosophy of C. S. Peirce.
2 Pierce was an American logician who rigorously pursued a theory of inference called abduction. Abduction is rooted in two philosophical doctrines: realism and pragmatism. Realism here is meant to indicate that there exists a realm of experience independent of the minds of humans, but which the human intellect can comprehend. In dayto-day terms our patients are real beings with real suffering. Pragmatism in this sense refers to the efforts of the human intellect to apprehend the independent universe through purposive interaction. Experiments and clinical encounters are examples of purposive interactions. Our interactions with the world are tests of the reliability of our reasoning about the world and of the usefulness of our inferences. Hence, they are provisional because they are emergent in the sense outlined above: subject to the effects and disturbances of space-time. Our diagnostic accuracy, whether based on an`algorithm' or a clinical history, will be revealed with the passage of time.
The following examples illustrate the differences between inductive, deductive and abductive inferences. The first set of illustrative examples were created by Niiniluoto (1993) . Simplified medical examples are given below his examples.
Deduction
All beans in this bag are white These beans are from this bag Therefore these beans are white Abduction is tested by reality through the emergence of time. It is characterized by inference to the best explanation given the data at hand. In the long run, the frequency with which one observes phenomenon probably approximates a true value. However, we are never around to experience the long run, and experiments are not replicated endlessly. Therefore, uncertainty will permeate most of our decisions. This is not a fault of methodology but is an inherent feature of being in the world.
The conclusions of the proponents of EBM and their opponents need epistemological tempering. Simply citing an average population value neither deductively nor inductively warrants a certainty or unequivocal interpretation. However, this does not mean that evidence from clinical trials or meta-analysis should be ignored in clinical decision making. Quite the contrary, trial evidence or meta-analytic findings are means of establishing the grounds of particular decisions. They set the test of the experiment in the sense that they indicate a course of action to implement and evaluate. If one does not use them, then grounds for ignoring them should be articulated and evaluated. If clinical common sense is not pragmatically evaluated to the same extent as trial evidence then no possible advance or sharpening of clinical reasoning is possible. If one accepts the Quine-Duhem thesis and adopts a Peircean stance on inference, then there are also no deterministic truths to invoke.
In conclusion, the advocates of EBM should not be excused for their epistemological hyperbole. Loose talk of algorithms, paradigm shifts and claims that their critics are arrogant do a disservice to their agenda. However, their critics cannot invoke Go È del as support in an alternative theory of clinical reasoning. Such support may come from other philosophical doctrines such as the Quine-Duhem thesis that holds that all models are underdetermined by data and admit to a variety of reasonable interpretations. This implies that circumspection must accompany the use of statistical models in clinical reasoning, and would thus open the discussion on the appropriate theory or theories of knowledge applicable to med-icine. The philosophy of C. S. Peirce, briefly and superficially introduced here, provides a promising framework in which to develop a theory of clinical reasoning that is both rigorous and probabilistic, yet able to recognize the uncertainties and particularities of day-to-day clinical practice.
